Abstract
accident, the number of passengers, the number of fatalities and injured people, the 113 flight phase, the atmospheric conditions and the causes of the accident. This is 114 necessary to ensure the quality and veracity of the information in AWAD. An 115 unfortunate consequence is that the number of weather-caused accidents included in 116 AWAD and considered in this research may then be smaller than the actual number of 117 weather-caused accidents, since some of these may have been excluded due to 118 discrepancies in the reported information in one or more primary databases. In addition, 119 the following criteria were established with the purpose of analysing only accidents 120 involving commercial civil aviation aircraft: only flights under Instrument Flight Rules
121
(IFR) of turbine-engined, fixed-wing aircraft, with maximum certificated take-off mass 122 over 2250 kg (ICAO, 2001 ) and 19 passenger seats or more, were considered. Hence,
123
finally, 1099 weather-caused accidents were analysed in the present work, from 2686 124 aircraft accidents reported in the primary databases. In any case, the studied sample is 125 large enough so that our analysis features sufficient statistical validity.
126
For all the primary databases, the data records begin in 1967, year in which the 127 amendment to the ICAO Annex 13 to the Chicago Convention entitled "Communication 128 procedures for sending aircraft accident notification" became effective and applicable.
129
Therefore, the data records in AWAD also begin in 1967. Particularly, these records 130 contain information like, inter alia, the number of fatalities and injured people, the 131 flight phase, the meteorological season and the date and location of the accident.
132
An important innovation and distinctive feature is that, while the primary databases 
RESULTS AND DISCUSSION

151
The information in AWAD about worldwide aircraft accidents for which the primary human era and the era of organization (from 1996 to present day). This 167 way, the air transport has evolved from a fragile system to a safe one, and ultimately to 168 an ultra-safe system, in less than a century (ICAO, 2009 consequently, it is normal to expect the annual absolute number of accidents to increase, 173 and this is exactly what has occurred over the years (see Figure 1) . Remarkably, the 174 annual absolute number of weather-caused accidents has increased comparatively faster (i.e., the percentage of annual weather-caused accidents has increased noticeably from 176 1967 to 2010, from ≈40% to almost 50%, as shown in Figure 1 ). weather-caused accidents in the climb, cruise and descent phases, respectively; while in 210 the phases at low levels, it is responsible for significantly less of the accidents (10% and 211 3% for the take-off and landing phases, respectively).
In the primary databases, CAT is considered separately from other types of turbulence 213 and so it is in AWAD. CAT is characteristic of high flight levels near the upper limit of 214 the troposphere, but it is responsible for much less weather-caused accidents compared 215 to turbulence: only 4%, 13% and 7% of this type of accidents in the climb, cruise and 216 descent phases, respectively (as expected, CAT has no impact at low levels, i.e., during 217 take-off and landing). The reason for these low contributions is that CAT can often be 
224
Low visibility (caused by fog, heavy rain or snowfall) is a major factor in weather-225 caused accidents, especially in those flight phases for which the terrain is much closer to 226 the aircraft, or the aircraft flies in more congested air spaces like the vicinity of 227 aerodromes. In particular, low visibility is responsible for around 65%, 53%, 17%, 21% 228 and 48% of the weather-caused accidents in the take-off, climb, cruise, descent and 229 landing phases, respectively.
230
Rain is also more likely to affect aircraft flying at low levels of the troposphere. In 231 particular, rain is the second major cause of weather-caused accidents in the landing 232 phase, with around 34%, while for the take-off, climb and descent phases, the influence 233 drops to around 17%, 11% and 5%, respectively. As regards to weather-caused 234 accidents in the cruise phase, the influence of rain is minimal (only around 3%).
235
Storms (including lightning and heavy winds) have rather testimonial impact in the 236 take-off and cruise phases: only 3% and 0.5% of the weather-caused accidents are 237 attributed to storms in these phases, respectively. On the other side, the percentage of 238 weather-caused accidents associated with storms is roughly uniform for the other flight 239 phases (between 5 and 7%). An explanation might be that severe storms are often 240 associated with cumulonimbus, which can be found practically in any layer of the 241 troposphere, and consequently aircrafts are exposed to this hazard in all flight phases. In 242 general, the contributions of storms to weather-caused accidents are low probably 243 because storms are reported by weather forecasting services and other affected aircraft, and can be detected by airborne weather radars. Thus, aircraft can often dodge storms.
245
Another reason is that aircraft respond generally very well to lightning impacts, which 246 most of the times do not cause high severity damage on the airframe or the avionics.
247
The particularly low contribution of storms to weather-caused accidents in the landing 248 phase is likely thanks to the fact that aircrafts are diverted to alternative airports if a 249 severe storm is affecting the destination airport. The even lower impact of storms in the 250 take-off phase is probably because flight departure is often conveniently delayed if a 251 potentially dangerous storm is affecting the aerodrome of origin.
252
Icing usually affects aircraft flying at medium and high levels of the troposphere 253 because supercooled water drops can form ice on parts of the aircraft at the low 254 temperatures typical of these levels (that can be as low as -60ºC), a process that could 255 ultimately cause an accident. Nowadays, the effects of icing have been greatly reduced 256 thanks to de-icing systems in use and the fact that icing areas are thoroughly reported.
257
Thus, for instance, this meteor has a marginal contribution to weather-caused accidents Finally, the snow has very low influence in the weather-caused accidents in all the flight 264 phases: it is responsible for only around 2% of the weather-caused accidents in the take-265 off and descent, and less than 1% in the climb, cruise and landing phases.
266
To sum up, low visibility is the main contributing factor to weather-caused accidents in 267 all flight phases but the cruise and descent, where it is the second major factor after 268 turbulence. Rain is the second major contributing factor in the take-off and landing 269 phases. In the take-off phase, rain (storms) causes 17% (3%) of the weather-caused 270 accidents, while in the landing phase it causes 34% (6%). This suggests that more often 271 the take-off is conveniently delayed due to rain and/or storms, thus preventing the 272 aircraft from being exposed to a high level of risk, while conversely landing under rain 273 and/or storms is unfortunately attempted more than it should, due to low fuel level, etc. in 2012, and in UK it was responsible for 9. 7% (in 1967-1976) and 22.43% (in 1977-1986 ) of the accidents, compared to a growing contribution of 40% to 50% if 329 considering the accidents worldwide, or a contribution of 50% in Zone 2. relevance of storms is due to the prevalence of large-scale synoptic fronts.
364
Focusing now on Zone 4, which corresponds to the highest latitudes, low visibility and 365 rain are responsible for around 53% and 36% of the weather-caused aircraft accidents, 366 respectively. It is important to remark that snow must be a frequent meteor affecting 367 many aerodromes in Zone 4, but surprisingly, snow has a very small contribution 368 (compared to, for example, Zone 2) and icing has never been reported as the primary 369 cause of any accident. This is probably due to the thorough ad hoc safety systems that 
471
• Wake vortex encounters are also included here.
472
• Flights into windshear or thunderstorm-related turbulence are coded as storm.
473
Storms refer to flight into windshear or thunderstorm (ECCAIRS, 2013a). Remarks:
474
• Includes flight into windshear and/or thunderstorm-related weather, and in-flight 475 events related to hail, events related to lightning strikes and events related to 476 heavy rain (not just in a thunderstorm).
477
• Icing and turbulence encounters are coded separately (see icing (below) and 478 turbulence (above)).
479
Icing refers to accumulation of snow, ice, freezing rain, or frost on aircraft surfaces that 
